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A review of charm semileptonic decays 
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Several high energy experiments have been actively pursuing the analyzes of semileptonic decays of charm 
mesons, resulting in numerous new results and publications. In this report, we summarize the recent efforts on 
the topics of pseudoscalar and vector charm semileptonic decays, especially in the area of branching fractions and 
form factor measurements. 



1. INTRODUCTION 

The semileptonic decays of charm particles 
continue to be an important area of research. 
The branching fractions provide measurements of 
CKM matrix elements in the charm sector, |T4 g | 2 . 
All hadronic complications are contained in the 
form factors, which can be calculated via non- 
pcrturbative lattice QCD, Heavy Quark Effec- 
tive Theories, Quark Models, and other methods. 
By comparing experimental observations with the 
lattice QCD calculations, we obtain a high qual- 
ity lattice calibration, which is crucial in reducing 
systematic uncertainties in the unitarity triangle. 
The same technique validated by charm decays 
can be applied to beauty decays, subsequently im- 
proving the CKM matrix elements in the beauty 
sector. 

Several experiments study charm particle de- 
cays, including charm and B- factories and fixed 
target experiments. The CLEO-c experiment 
started taking data recently and has collected 
281 pb^ 1 at *(3770). Since this energy is the 
threshold for the D + D~ and D°D° production, 
the number of decay particles in the detector is 
relatively small, the event reconstruction environ- 
ment is quite clean, particle identification is excel- 
lent, and backgrounds are negligible. Last year, 
they reported branching fraction measurements 
of semileptonic charm decays using the first 56 
pb _1 sample PQ. Their results are already com- 
parable or better than the PDG 2004 world aver- 
ages [2]. 



2. INCLUSIVE SEMILEPTONIC 
BRANCHING FRACTIONS 

CLEO-c (06) [3] reported both new measure- 
ments on the inclusive branching fractions of 
D° — > Xe + v e and D + — » Xe + v e decays and the 
corresponding electron momentum spectra based 
on the 281 pb _1 sample collected at the *(3770). 
At least 200 MeV/c is required for the electron 
momentum. The D° and D + spectra look sim- 
ilar to each other, as expected by theories. The 
spectra are extrapolated for the lower momen- 
tum region to obtain the branching fraction num- 
bers. The results are: (6.46 ± 0.17 ± 0.13) % 
and (16.13 ± 0.20 ± 0.33) % for the branching 
fractions of the D° — > Xe + v e and D + — > Xe + v e 
decays, respectively. The sums of the known ex- 
clusive semielectronic decay modes are (6.1 ± 0.2 
± 0.2) % for D° and (15.1 ± 0.5 ± 0.5) % for 
D + . Hence, the sums of the exclusive branching 
fractions come close to saturating the inclusive 
branching fractions, leaving little room for any 
undiscovered semileptonic decays. 

3. A FADING ENIGMA ON THE RATIO 
OF VECTOR TO PSEUDOSCALAR 
DECAY RATES 

There has been a disagreement on the decay 
width ratio of the vector semileptonic decays rel- 
ative to the pseudoscalar semileptonic decays: 
T{D -> K*£is e )/T(D -> Klvt). The earlier theo- 
retical predictions for this ratio from late 80's and 
early 90's were found to be between 0.5 to 1.1, 
which are 50 to 100 % larger than the experimen- 
tal measurements at that time. This difference 
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between the theory and the data was attributed 
to difficulties in computing the axial-vector form 
factor (Ai). Since mid 90's, the updated branch- 
ing ratio predictions are between 0.5 to 0.7, being 
closer to the experimental results. 

Recently, several experiments revisited this 
vector-pseudoscalar width ratio problem. FO- 
CUS (04) g] and CLEO (05) PQ reported this 
ratio as 0.594 ±0.05 and 0.63 ±0.04, respectively. 
This year BES |5l6j reported two measurements: 
0.57 ± 0.17 for the D+ channel and 0.74 ± 0.40 
(preliminary) for the D° channel. These new sets 
of measurements are consistent with one another 
and with the updated predictions. The old mis- 
match in the width ratio appears to be fading 
away. 



4. FORM FACTORS 
DOSCALAR DECAYS 
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The differential decay rate for a D meson de- 
caying into a pseudoscalar meson, a lepton and a 
neutrino is given by Eq. [T] 



dT{D -> Five) 



G 2 F \V cq \ 2 P 3 P 
24tt 3 



|/ + (g 2 )| 2 ±0(m, 2 ),(l) 



where q 2 is the invariant mass of the lepton- 
neutrino pair. The pseudoscalar semileptonic 
process should provide both a clean measurement 
of CKM angles and a powerful test of lattice 
QCD. Unfortunately, the QCD test is compro- 
mised somewhat since the decay rate vanishes at 
the highest q 2 where the sensitivity to the form of 
f+(q 2 ) is greatest. The highest q 2 area is also the 
zero recoil limit region for the quark inside the 
meson where theory calculations can be obtained 
relatively easy. 

4.1. Parameterization of form factor mea- 
surements 

To handle the measured q 2 distributions prop- 
erly, several fit parameterization have been sug- 
gested. Based on the dispersion relation, the form 
factor f + (q 2 ) can be described by a pole term and 
an integral such as, 



U(Q 2 ) 
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where to^* , m D an d mp are the masses of the 
excited spin-1 D meson, the decaying D meson, 
and the pseudoscalar meson, respectively. In the 
past, only a "single" pole term was used to fit 
the data distribution. But the world average of 
the fitted pole mass for the D° — > K~l + vt decay 
turned out to be 5.1 a lower than the expected 
value, mo* , underscoring the importance of the 
integral term. 

Becirevic and Kaidalov 7\ represented the in- 
tegral by an additional, effective pole which leads 
to a parameterization of f+(q 2 ) = /+(0)/{(l — 
q 2 /m 2 D ,){\ — aq 2 /m 2 D ,)}. This scheme is called 
the modified pole form. Recently, Hill [8j pro- 
posed a less model dependent way of dealing with 
the /+ analytic singularities. He makes a complex 
mapping from q 2 to z, which pushes the cut sin- 
gularities far from the physical q 2 region. In the z 
space, the f+(z) distribution looks linear and can 
be represented by a rapidly converging Taylor se- 
ries. He applied the method to the recent beauty 
and charm data sets. The results are given in 
Reference [8]. 

4.2. Experimental results from BABAR, 
BELLE, CLEO, and FOCUS 

The current generation of experiments have 
produced new data sets, obtaining parametric 
fits to various q 2 forms. In addition, some ex- 
periments presented the q 2 distributions model- 
independently, i.e., non-parametrically, making 
the visible comparison to the most recent lattice 
QCD results (05) possible [S]. The a measure- 
ments from present experiments are summarized 
in Table □ 

FOCUS (05) measured the form factors of the 
D° — > K~ ii+v^ and D° — > ir~ [i + v^ decays and 
presented the model-independent / + (q 2 ) distri- 
bution of the D° — » K ~ [i+v^ decay based on a 
sample of 13,000 events [10]. After subtracting 
known charm backgrounds, their f + (q 2 ) distribu- 
tion is an excellent match to a pole form with 
m pole = 1.91 ± 0.04 ± 0.05GeV/c 2 or to a modi- 
fied pole form with a = 0.32. 

BELLE (06) measured the absolute branching 
fractions and form factors of the D° — > K~l + vt 
and D° — > 7r _ £ + ^ decays using both muonic 
and electronic modes [TT]. By fully reconstruct- 
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Table 1 

Summary of recent experimental results on the 
form factor studies of D — > Kivg. Only the fit 
parameter a of the modified pole form is shown 
here. CLEO-c obtained a low a while BABAR 
and BELLE obtained high numbers compared 
with other experiments. For other fit results and 
information on D — > irlvg. decays, check the ref- 
erence for each experiment. 



Experiment 


a 


Channel 


CLEO III [U 


0.36 ±0.10 +oo7 


Z?° 


to e, /! 


FOCUS [TU] 


0.28 ±0.08 ±0.07 


D° 


to \x 


BELLE [TT] 


0.40 ±0.12 ±0.09 


D° 


to e 




0.66 ±0.11 ±0.09 


D° to n 


BABAR [12] 


0.43 ±0.03 ±0.04 


D° 


to e 


CLEO-c |T3] 


0.19 ±0.05 ±0.03 


D° 


to e 




0.20 ±0.08 ±0.04 


D+ 


to e 



ing the recoil charm meson and the other mesons 
from fragmentation, they ensured an excellent 
q 2 resolution and a low level of backgrounds al- 
beit with considerably reduced statistics. They 
obtained 2,700 D° -> K'l+Vi and 300 D° -► 
7r~^ + z^events from a 282 fb _1 data sample. Their 
data set was fit to the simple pole form and the 
modified pole form. 

BABAR (06) reported a preliminary measure- 
ment of the form factors of the D° — > K~~ e + v e 
decay [12]. By applying the D* tag, they ob- 
tained a sample of 100,000 events based on a 75 
fb _1 data sample. They also used the simple pole 
form and the modified pole form to fit their data. 

CLEO (06) reported preliminary measure- 
ments of the absolute branching fractions and 
form factors of D° — » K~e + v ei D° — > 7r~e + ^ e , 
D + — > AT°e + i' e , and D + — > 7r°e + z/ e decays based 
on a sample of 281 pb _1 [13] ■ They did not re- 
quire the recoil side D tagging, which enhanced 
the size of the selected events with a slight penalty 
in the q 2 resolution. Both the simple and modi- 
fied pole forms are used for fitting. 

5. FORM FACTORS OF VECTOR DE- 
CAYS 

The kinematics of D — > K*£u£ decays is de- 
termined by form factors and five kinematic vari- 



ables: q 2 , m(-KV), the lepton decay angle 9g, the 
vector decay angle 8y, and the acoplanarity be- 
tween two decay planes x- F° r this type of de- 
cays, Korner and Schuler [15] proposed a set of 
helicity-basis form factors H + (q 2 ), H_(q 2 ), and 
Ho{q 2 ), which are, in principle, computable by 
QCD theories. After integrating over \i the de- 
cay intensity of the D + — > K~ir + t + vi process 
becomes proportional to 

" {{I + cosO,) nm8 v ) 2 \H + {q 2 )\ 2 \BW\ 2 
+((l-cos^)sin0y) 2 |if_(g 2 )| 2 |W| 2 
+ (2sin6» £ cos9 v ) 2 \H Q (q 2 )\ 2 \BW\ 2 
+8(sin 6 2 cos 9 v )H (q 2 )h {q 2 )Re{Ae~ i5 BW} 
+0(A 2 ) + m e terms 

where BW and Ae~ l5 represent the K reso- 
nance and the s-wave in the K-tt system, respec- 
tively. A new form factor ho(q 2 ) for the s-wave is 
introduced to describe the interference between 
the s-wave and K . In the Korner and Schuler 
scheme, H± and Hq are linear combinations of 
two axial-vector and one vector form factors. In 
the past, it was assumed that the axial- and vec- 
tor form factors take the simple pole form such 
as Mq 2 ) = A t (Q)/(l - q 2 /M 2 A ) and V(q 2 ) = 
V(0)/(1 - q 2 /Ml). With M v and M Ai fixed at 
2.1 and 2.5 GeV/c 2 , experiments measured the 
ratio R v = V(0)/Ai(0) and R 2 = A 2 (0)/Ai(0) 
from their data sets. Recently, following the idea 
of Becirevic and Kaidalov 7 , Fajfer and Ka- 
menik [16j proposed a new parameterization for 
the vector semileptonic decays, where some of the 
form factors are replaced by effective poles. 

The world averages of the form factor ratios of 
the D+ -» K* Q £ + vi decays are: R v = 1.66±0.060 
and i? 2 = 0.827 ±0.055 [2]. The experimental re- 
sults are based on the simple pole parameteriza- 
tion and fairly consistent among themselves with 
small uncertainties. However, there hasn't been 
any serious experimental check on the shape of 
the form factors yet. 

Based on their large data samples, FOCUS 
(05) 17\ and CLEO (06) [IS] obtained details on 
the shape of the helicity form factors. The func- 
tional form of Eq. [3] shows that one can disentan- 
gle the helicity form factors based on their differ- 
ent angular bin populations. Monte Carlo simula- 
tions are used to calculate the projection weights 
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as a function of decay angles, The form factors 
H 2 (q 2 ), H 2 _(q 2 ), #2 (9 2 ); and ho ( q 2) Ho (q 2 ) are 
obtained from projectively weighted histograms. 

CLEO compared the shape oiH+f^q 2 ), H^^q 2 ), 
H 2 (q 2 ), and ho(q 2 ) Ho(q 2 ) to a parametric model 
based on a FOCUS paper [19] and found a good 
agreement except the interference term. The 
presence of the s-wave interference is confirmed, 
but there is a small deviation from the model 
in the ho(q 2 ) H^{q 2 ) shape. More data would 
be needed to obtain detailed information on the 
shape of ho(q 2 ). CLEO also compared their data 
to a model based on constant axial- and vector 
form factors. The data fits this model equally 
well, implying little sensitivity to the simple pole 
masses with present statistics. 

6. SUMMARY 

The field of the semileptonic charm decay is 
very active. Both inclusive and exclusive branch- 
ing fractions are updated recently. Several exper- 
iments are involved in a healthy competition to 
measure charm semileptonic form factors as accu- 
rately as possible. In light of recent experimental 
progress, new ideas on fit parameterization ideas 
and lattice QCD calculations arc emerging. 

The topics covered in this article is just part 
of the story. More updates on exclusive branch- 
ing fractions, rare decays, D$ semileptonic decays 
and form factor measurements will appear in near 
future. 
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